Purpose: Chronic nicotine administration induce various effects in whole organs of the body; however, little is known about salivary gland. In the present study, we pursued the links between systemic nicotine and the histomorphological changes of the salivary gland in mice.
into the blood flow through the lung, oral mucosa, skin and intestine, and then moves into cardiovascular, endocrine, musculoskeletal system as well as peripheral and central nervous systems. 4) Absorbed nicotine can cause temporal elevation of blood pressure, pulse rate and nausia, xerostomia, and euphoria by activating mesolimbic system.
However, repetitive nicotine administration gradually decreases the sensitivity of nicotinic acethylcholine receptor.
Thereby it causes the addiction to nicotine which makes the chronicity of smoking. 5) There are several studies about the relevance between chronic nicotine intake and secretory impairment such as pancreatitis. [6] [7] [8] Short-term nicotine administration can
INTRODUCTION
The tobacco contains over 4,000 hazardous substances and tobacco smoking is well known a causative factor for respiratory, cardiovascular and musculoskeletal diseases as well as oral complications such as xerostomia, oral mucosal diseases, and even oral cancers. One of important things about the tobacco smoking is addiction which makes it serious health threat all over the world. Of the various hazardous substances, nicotine is well known to a representative substance responsible for the dependence which results in chronic smoking. [1] [2] [3] Nicotine is a colorless alkaloid found in nightshade family plants and the most abundant volatile alkaloid in tobacco leaf. Basically, nicotine from tobacco products is absorbed of water and diet were daily recorded. The control groups (n=9) received 0. In H&E slide, we counted whole number of nuclei and One of main complaints in chronic smokers is a feeling of mouth dryness, called xerostomias. There are several studies to elucidate the relation between smoking and salivation.
Rad et al. 9) and Kanwar et al. 10) reported that chronic smoker showed significantly decreased salivation compared with that of non-smoker. However, it is still questionable what specific substance is responsible for the reduced salivation in chronic smokers. Interestingly, Rowell et al. 11) investigated the distribution of nicotine at organ-specific level.
According to this study, absorbed nicotine was distributed highly in glands such as adrenal gland and salivary gland.
This suggested that the prolonged elevation of nicotine level in salivary gland might be a causative factor for patho- 
MATERIALS AND METHODS

No Difference in Numbers of Ki-67 Positive Cells after Nicotine Administration
There was no significant difference in numbers of Ki-67
positive proliferating acinar cells on submandibular glands of mice after nicotine treatment (Table 1, Fig. 2 ).
regarded as statistically significant.
RESULTS
No Volumetric Change of Acinar Cells after Chronic Nicotine Administration
Compared with that of control group, there was no signi ficant difference on volumetric changes in acinar cells area compare to serous cell. Submandibular gland shows mixed patterns of both cell types histologically and is predominantly participated in producing unstimulated saliva.
Myoepithelial cells are known to responsible for the secretion of saliva by contraction of acinus and duct. Ductal cell plays a central roles in production of hypotonic saliva by resorption of Na + and Cl -ions. [12] [13] [14] As with humans, salivary glands of mice are also composed of three major compartments and each compartment have a similar structures.
Even though some unique differences are exist in an aspect of anatomical and histologic view, 15) salivary glands in both species basically serve similar functions-to help digestion, lubrication, gustations, protection of the teeth and oral cavity.
Oral dryness or xerostomia is one of the chief complaint in chronic smokers, and there were many studies to reveal the relationship between tobacco smoking and reduced salivation. 9, 10) Based on the study of Rowell et al., 11) we got a clue for the effects of chronic nicotine not only for the dependence of brain system but also for the possibility on salivary glands. We hypothesized that the prolonged eleva- to its large size while parotid gland is diffusely located and difficult to remove because of surrounding fat cell.
We designed relatively prolonged period of nicotine administration (8 weeks) to establish chronic nicotine model using mice. A previous study by Pekonen et al. 16) reported that plasmatic nicotine concentration of mouse for 7 weeks administration was similar to those of smoker. There were also several studies to determine the effect of chronic nicotine at 7 weeks. 17, 18) Moreover, regarding the concentration of nicotine, Rowell et al. 11) reported that 100 μg/mL
Decreased Numbers of Calponin Positive Process after Nicotine Treatment
Compared with that of control, the numbers of calponin positive myoepithelial cell process were significantly decreased in nicotine group (Table 1, Fig. 3 ). Regarding the effects of nicotine on volumetric change of acinar cell, there were intriguing previous studies using rodents. Maier et al. 19, 20) reported that chronic nicotine administration induce the swelling of acinar cell and increase of immature secretory granules in the cytoplasm. Based on these reports, we first evaluated volumetric change of acinar cell after nicotine treatment by H&E staining compare with those of control. Contrary to previous finding, our result showed no significant difference in acinar cell volume between both groups. This finding might be due to the difference of animal model and targeting salivary glands. In addition, the number of animal was relatively small to express statistical difference between both groups.
Recently, another interesting studies about the novel role of chronic nicotine were published. Chowdhury and colleagues 8, 21) reported the nicotine as mitogenic stimulant for proliferation of pancreatic acinar cell. Nicotine activate extracellular signal-regulated kinases pathway, and then stimulate protein synthesis inducing cell proliferation and growth.
To date, however, there was no study regarding the effect of nicotine on the proliferative activity in salivary gland.
Thus we examined whether chronic nicotine treatment could affect the proliferation of acinar cells in submandibular gland using Ki-67 immunostainning. Ki-67 is a nucleic protein necessary for cell proliferation that is associated with ribosomal RNA transcription and observed for all active phase of cell cycle. 22) Our study showed that chronic nicotine treatment could not change the proliferative ability of acinar cells in submandibular gland of mice. It was not consistent with previous study with pancreatic acinar cells,
